a b s t r a c t 8 Decision-making 34
The ability to perceive causality is a central human ability constructed from elemental spatial and temporal infor-20 mation present in the environment. Although the nature of causality has captivated philosophers and scientists 21 since antiquity, the neural correlates of causality remain poorly understood. In the present study, we used functional 22 magnetic resonance imaging (fMRI) to generate hypotheses for candidate brain regions related to component 23 processes important for perceptual causality in the human brain: elemental space perception, elemental time 24 perception, and decision-making (Experiment 1; n = 16). We then used transcranial direct current stimulation 25 (tDCS) to test neural hypotheses generated from the fMRI experiment (Experiment 2; n = 16). In both experi-26 ments, participants judged causality in billiard-ball style launching events; a blue ball approaches and contacts 27 a red ball. Spatial and temporal contributions to causal perception were assessed by parametrically varying the 28 spatial linearity and the temporal delays of the movement of the balls. Experiment 1 demonstrated unique 29 patterns of activation correlated with spatial, temporal, and decision-making components of causality percep-30 tion. Using tDCS, we then tested hypotheses for the specific roles of the parietal and frontal cortices found in 31 the fMRI experiment. Parietal stimulation only decreased participants' perception of causality based on spatial 32 violations, while frontal stimulation made participants less likely to perceive causality based on violations of 33 space and time. Converging results from fMRI and tDCS indicate that parietal cortices contribute to causal . Spatial and temporal parameters for launching events and example of design. a) Spatial launching events depicted variations in spatial angle between 0 and 60°. b) Temporal launching events depicted variations in time delay between 0 and 267 ms. Balls on the left were blue (r = 14, g = 5, b = 223), balls on the right were red (r = 255, g = 0, b = 0), and the background was gray (r = 192, g = 192, b = 192) . d) Diagram of fMRI behavioral task design. 
185
Behavioral pilot study 186 A behavioral pilot experiment was conducted before the fMRI study 187 on a separate group of sixteen healthy participants (mean age ± SD = t1:1 Table 1 t1:2 Task instructions.
Basic Instruction Condition
In every video, you will see a blue object and a red object move across the screen. You will be asked to judge whether the blue object caused the red object to move. Space Instruction Condition You will again see a blue object and a red object move across the screen. You may have noticed that the blue or red objects sometimes move at different angles relative to one another. We would like you to pay close attention to the angle that the blue and red objects move before and after they make contact when judging whether the blue object caused the red object to move. Please ignore any other factors in the event that might influence your judgment of whether the blue object caused the red object to move. … t1:6
Space Instruction Experimenter Script
As the instructions said, you may have noticed that the blue or red objects sometimes move at different angles relative to one another. For example (PLAY MOVIE 1), in this event the blue object approaches the red object from a steep angle and the red object moves off at a shallow angleor like in this event (PLAY MOVIE 2), the blue object approaches the red object at a flat angle and the red object moves away at a shallow angle. Pay close attention to the angles of the blue and red object movements when judging whether the blue object caused the red object to moveremember to ignore any other factors that might influence your judgment. Do you have any questions or want me to play the two example events again? t1:7 Time Instruction Condition You will again see a blue object and a red object move across the screen. You may have noticed that the red object can vary in how long it takes to start moving after contact with the blue object. We would like you to pay close attention to the duration of contact between the blue and red object when judging whether the blue object caused the red object to move. Please ignore any other factors in the event that might influence your judgment of whether the blue object caused the red object to move. … t1:8
Time Instruction Experimenter Script
As the instructions said, you may have noticed that the red object can vary in how long it takes to start moving after contact with the blue object. For example (PLAY MOVIE 1), in this event the red object pauses after contact with the blue object before moving awayor like in this event (PLAY MOVIE 2), the red object immediately moves away after the blue object makes contact. Pay close attention to how long it takes for the red object to start moving when judging whether the blue object caused the red object to moveremember to ignore any other factors that might influence your judgment. Do you have any questions or want me to play the two example events again? t1:9 t1:10 Instructions denoted by (…) in the Basic Instruction Condition represent instructions common to all instruction conditions. All subsequent places marked by this notation indicate the t1:11 location where common instructions should be inserted for a given instruction condition. 
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This strategy is based on the logic that difficult decisions take longer to 301 make than easier ones and would be more likely to engage neural cir- Fig. 3b ; see Table 2 ). mented into separate compartments (brain gray matter, brain white 44-66% probability of representing a causal event at Baseline (Fig. 7a ).
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In contrast, frontal stimulation reduced the probability of causal judgment 562 on a relatively broad range of spatial parameters (Fig. 7b ). There was no 
